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1
RAM AIR TURBINE SYSTEM

BACKGROUND OF THE INVENTION

Ram Air Turbine (RAT) systems are used in contemporary
aircraft as emergency or supplemental power systems. They
typically have a turbine, with a rotating hub and a plurality
of blades, operably coupled to an electric generator to
provide the driving source for the generator. Initially 1n tlight
they are stowed 1n a compartment of the aircrait fuselage,
covered by a compartment door. When needed as a source of
emergency or supplemental power, the RAT system 1is
deployed from the fuselage into the surrounding airstream,
which drives the blades to rotate the generator to extract
energy from the airstream. As power requirements for air-
craft systems increase, the power generation capabilities of
RAT systems continue to increase.

RAT systems can also be configured to operate 1n prede-
termined conditions, such as when exposed to environmen-
tal debris, such as volcanic ash. In such a configuration, RAT
systems can be fully enclosed or sealed to prevent the debris
from entering the generator, where 1t can cause machine
performance degradation or malfunction. However, such
enclosing or sealing can interfere with active or passive
cooling systems, for example, liquid coolant systems, as
such sealing can prevent, inhibit, or interfere with conven-
tional cooling or heat removal pathways. Specifically, dif-
ficulty 1in cooling the rotor can lead to reduced generator
performance or generator failure.

BRIEF DESCRIPTION OF THE INVENTION

In one aspect, a ram air turbine system includes a ther-
mally conductive rotatable shaft, a housing having a body
defining an interior, a generator located within the interior
and having a stator and a rotor, wherein the rotor 1s operably
and thermally coupled with the shaft, a turbine having a first
set of blades operably coupled with the rotatable shaft and
configured such that airstream passing through the first set of
blades rotates the shaft, and a second set of blades down-
stream from, and external to the housing, wherein the second
set of blades are thermally coupled with the shaft and
configured such that airstream passing through the second
set of blades provide for heat transfer to the airstream.

In another aspect, a heat exchanger for a ram air turbine
generator includes a stator having a first set of windings, a
rotor having a second set of windings and configured to
rotate about a thermally conductive shait relative to the
stator, configured to generate a current 1n the first set of
windings, and a set of blades thermally and rotationally
coupled with the rotor by way of the thermally conductive
shaft, and configured such that the blades are exposed to the
airstream passing the ram air turbine. The heat exchanger
conducts heat from the rotor, through the thermally conduc-
tive shaft, to the set of blades, and whereby the rotating
exposure of the set of blades 1n the airstream provides heat
transfer to the airstream.

In yet another aspect, an aircrait includes a ram air turbine
generator, wherein the ram air turbine generator further
includes a thermally conductive rotatable shaft, a housing
having a body defining an interior, a generator located within
the interior and having a stator and a rotor, wherein the rotor
1s operably and thermally coupled with the shatt, a turbine
having a first set ol blades operably coupled with the
rotatable shait and configured such that airstream passing
through the first set of blades rotates the shaft, and a second
set of blades downstream from, and external to the housing,
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2

wherein the second set of blades are thermally coupled with
the shaft. Air flowing about the ram air turbine generator
passing through the second set of blades provide for heat
transier from the second set of blades to the air.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 1s a side view 1llustrating a portion of an aircraft
having a ram air turbine in accordance with one embodiment
of the invention;

FIG. 2 1s a schematic cross sectional view of the ram air
turbine of FIG. 1;

FIG. 3 1s a schematic cross sectional view of the ram air
turbine with integrated heat pipe, according to a second
embodiment of the invention.

FIG. 4 1s a partial side view 1illustrating the ram air turbine
having an alternative shield configuration.

FIG. 5 1s a partial side view 1illustrating the ram air turbine
having yet another alternative shield configuration.

DESCRIPTION OF EMBODIMENTS OF TH.
INVENTION

T

Embodiments of the invention can be implemented 1n any
environment using a generator. While this description 1s
primarily directed toward a generator providing power gen-
eration, 1t 1s also applicable to any electric machine provid-
ing a driving force or generating electricity. Further, while
this description 1s primarily directed toward an aircraft
environment, embodiments of the invention are applicable
in any environment using an electric machine.

As 1llustrated 1n FIG. 1, an aircraft 10 can include a RAT
system 12 for generating electrical power for the aircrait 10
when the RAT system 12 1s exposed to the airstream exterior
of the aircrait 10 and RAT system 12. The RAT system 12
can mclude a RAT 14, which can be suspended from the
aircraft 10 by, in one non-limiting example, a pylon 16 and
mounting assembly 18. The RAT system 12 can further
include a housing 20 having a body and defining an interior,
wherein the housing can additionally include a cooling
system or heat exchanger for the RAT 14, 1llustrated as a set
ol heat-dissipating fins S0 or cooling blades, located about
the housing 20 and configured such that airstream flowing
past the fins 50 provides for heat transier from the RAT
system 12 to the airstream. The set of fins 50 can be formed
in any suitable manner to provide cooling or heat-dissipation
for the RAT system 12. In the 1llustrated example, the set of
fins 50 can project outwardly from a periphery of the
housing 20 and can be spaced about the periphery of the
housing 20. The size and number of the set of fins 50 can,
for example, be a function of the specific heat dissipation
requirements of the RAT system 12.

The RAT system 12 additionally includes a turbine in the
form of a first set of multiple blades 26 projecting from a
propeller 28, external to the housing 20, and configured such
that when the blades 26 are exposed to airstream flowing
past or through the blades 26, propeller 28, or RAT system
12, the exposure generates rotational movement of the
propeller 28. Downstream from the propeller 28 and RAT 14
(1.e. rearward of the RAT 14 in the direction of the air-
stream), the RAT system 12 can further include a second
cooling system 70 or heat exchanger, which can include a
shield element 72 for shielding a portion of the second
cooling system 70. The second cooling system 70 will be
explained below.
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The RAT 14 can be stored within a suitable compartment
in the fuselage or wing of the aircratt 10 and can be deployed
quickly and easily by moving the pylon 16 relative to the
mounting assembly 18, thereby moving the RAT system 12
to an exposed position within the airstream flowing past the
aircraft 10. Although only two blades 26 have been shown
in the illustrated embodiment, 1t 1s contemplated that any
number of blades 26 can be used. Additionally, the illus-
trated embodiment of the blades 26 1s merely one non-
limiting example of a blade 26, propeller 28, or RAT system
12 configurations, and alternative configurations are envi-
sioned. For example, aircrait 10 or RAT systems 12 are
envisioned wherein the RAT system 12 i1s permanently
exposed to the airstream.

In another example, the blades 26 can be configured with
an alternative shape, design, or skew, for instance, to provide
the above-described interaction when exposed to a prede-
termined airstream, defined by the operating environment of
a flying aircrait 10. One non-limiting example of an oper-
ating environment of a flying aircraft 10 can include an
altitude of 45,000 feet, wherein the air density of an air-
stream can be 20% of the air density compared to sea level.

As 1llustrated 1n FIG. 2, the RAT 14 includes an electrical
generator 22 located within the interior 40 of the housing 20.
The housing 20 can further include a mounting plate 21
configured to mount the RAT system 12 with a portion of the
aircrait 10, for example, by way of a passage 59 of the pylon
16.

The turbine or propeller 28 can further include a turbine
output shait 30, which can be operably coupled at a first end
32 to the blades 26 such that rotation of the blades 26 rotates
the turbine output shaft 30. The turbine output shait 30 can
be operably coupled to the blades 26 1n any suitable manner
and can project rearwardly from the blades 26 to provide a
rotary output for driving an auxiliary power unit, such as the
clectrical generator 22. By way of non-limiting example, a
the turbine output shait 30 can include, or be rotationally
coupled with a rotatable rotor shaft 34, for instance, by way
of a splined relationship or other suitable mechanically
coupling, such that rotation of the blades 26 1s transferred
through the turbine output shaft 30 to the rotor shait 34.
Embodiments of the disclosure are envisioned wherein the
rotor shaft 34 1s formed, machined, or manufactured from
thermally conductive materials. Non-limiting example ther-
mally conductive materials can include carbon steel or
aluminum alloy. Additional thermally conductive materials
or rotor shait 34 formations can be included.

The generator 22 1s located within the housing interior 40
and includes a rotor 56 rotatably and thermally coupled with
the rotor shaft 34 and can further include, for instance, a set
of permanent magnets 34. The set of permanent magnets 54
can define a set of magnetic poles or rotor poles of the
generator 22. The generator 22 can further include a stator
55 fixed relative to the housing 20 or rotatable rotor 56 and
including a set of conductive windings 57. The stator 55 can
be formed from any suitable structure, such as a core
comprising a wound lamination forming a slotted structure
in which are received multiple conductive windings 57 that
are radially or evenly spaced about the core.

When assembled, the rotor 56 1s spaced apart from the
stator 35, the housing 20, and the mounting plate 21 to
provide for mechanical clearance during rotation. The rotor
shaft 34 1s rotationally supported relative to the housing, for
example, on spaced bearings 38, such that rotation of the
propeller 28, 1s configured to drive a corresponding rotation
of the rotor shaft 34 and rotor 56. The rotation of the rotor
56 and set of permanent magnets 34 relative to the stator 535
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4

and set of windings 57 1s configured to generate current 1n
the set of windings 37, which 1s ultimately provided to the
aircraft 10, for mstance, to power a set of electrical loads or
systems.

During operation of the RAT system 12, the RAT 14 1s
extended 1nto the airstream surrounding the aircraft 10, and
airstream tlowing over the blades 26 causes the propeller 28
or blades 26 to rotate. The rotation of the blades 26 causes
a corresponding rotation of the turbine output shaft 30 and
rotor shaft 34. The rotation of the rotor shait 34 and rotor 56
relative to the stator 55 generates electricity for the aircraft
10. Embodiments of the generator 22 can be configured to
generate, for example, alternating current (AC) power or
direct current (DC) power.

While the generator 22 1s generating electricity, heat can
be generated 1n the stator 55 or rotor 56 due to, by way of
non-limiting examples, eddy current losses, copper losses,
or magnetic losses. 11 the heat 1s not removed from the stator
55 or rotor 56, generator 22 performance can be degraded,
or generator failure can occur. Because of heat concerns,
some generators 22 can include passive or active cooling
features.

Passive cooling systems focus on thermal control or
thermal management while using no or a very low amount
of additional energy. For example, heat generated in the
stator 535 or in the set of windings 37 can be thermally
conducted away from the stator 55 or windings 37 by way
of a thermally conductive coupling with the heat-dissipating
fins 50 configured about the stator 55 or housing 20. The
exposure of the set of fins 50 1n the airstream (1llustrated by
dotted arrows 58) act to passively dissipate an amount of
heat by way of thermal convection or thermal radiation to
the surrounding environment.

Active cooling, 1n contrast with passive cooling, utilizes
an additional amount of energy to eflect cooling of a
heat-generating component by use of an enthalpy differen-
tial. For example, some generators 22 can include a fluid
(liguid or air) cooling circuit 1 thermal proximity to or
channeled through a portion of the rotor 56 or rotor shaift 34,
and configured to operably dispense a fluid (liquid or air)
through the circuit, wherein the fluid absorbs a portion of the
heat generated in the rotor 56 and carries 1t away from the
module. This form of cooling actively dissipates an amount
of heat by way of an increase in the enthalpy of the moving
flud.

Certain embodiments of RAT systems 12, however, are
not suitable for active cooling systems. For example, cross-
continental aircraft 10 can be configured to include, or be
required to include, RAT systems 12 that are fully enclosed
or sealed to prevent debris or contaminants from entering the
RAT system 12 or interfering with the generator 22. For
example, external debris such as volcanic ash can cause
generator 22 performance degradation or malfunction. Such
enclosing or sealing can interfere with active or passive
cooling systems, such as the liquid coolant systems
explained above, as such sealing can prevent, ihibit, or
interfere with conventional cooling circuits or heat removal
pathways. The aforementioned interference 1s particularly
relevant in enclosed or sealed generators 22 that can only
provide limited heat dissipation or removal of heat generated
on, at, or about the rotor 56.

Embodiments of the disclosure can address the limited
heat dissipation of removal of heat generated at the rotor 56
by including the second cooling system 70, as 1llustrated in
FIG. 2. As shown, the thermally conductive rotor shait 34
can be configured to extend, or be thermally coupled with
another shaft that extends rearwardly and at least partially
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external to the RAT system 12, RAT 14, or housing 20, while
still providing an enclosed or sealed RAT system 12 con-
figuration. The external rotor shaft 74 can include or support
a second set of thermally conductive blades 76, also down-
stream from and external to the housing 20. The second set
of blades 76 are thermally coupled with the thermally
conductive rotor shait 34, 74 and operably define a heat-
conduction or heat transier pathway from the rotor 56,
through the rotor shatt 34, 74, to the outside of the housing
20, and into the second set of blades 76. The second set of
blades 76 are configured such that airstream (illustrated in
dotted arrow 78) passing the RAT system 12 also passes the
second set of blades 76 and provide for heat transfer from
the blades 76 to the airstream 78.

The second set of blades 76 can be configured to include
a blade shape, design, or skew, for instance relative to the
airstream 78, to provide for the heat transfer from the blades
76 to the airstream 78, when exposed to the airstream 78, as
described herein. In one non-limiting example, the second
set of blades 76 can be configured to be skewed relative to
the airstream 78 passing through the second set of blades 76
such that the heat transier coeflicient of the second cooling
system 70 or second set of blades 76 1s higher than or greater
than the heat transfer coeflicient of an unskewed set of
blades. In another non-limiting example configuration, the
blade shape, design, or skew can be configured to provide
for heat transier from the blades 76 to the airstream 78,
wherein the airstream 78 1s defined by the operating envi-
ronment of a flying aircrait 10, as explained above. Addi-
tionally, the second set of blades 76 exposed to the airstream
78 can be configured such that the length that the blades 76
or rotor shaft 34 extending rearwardly from the RAT system
12, can reduce the amount of vibrations felt by, or caused on
the rotor shait 34.

The RAT system 12, RAT 14, or housing 20 can further
be configured to allow increased amounts of, direction of, or
configuration of airstream 78 passing the second set of
blades 76, compared to a RAT system 12, RAT 14, or
housing 20 without an airstream 78 configuration. For
example, as 1llustrated, the airstreams 78 can be configured
to cross, or crisscross about the second set of fan blades 76.
In one non-limiting example, the heat-dissipating fins 50 can
be configured to direct the airstream 58, 78, as desired. The
shield 72 configured to protect the second set of blades 76
from debris can include a set of ports 80 or slots radially
arranged about the second set of blades 76 and configured to
allow the airstream 78 to pass through the shield 72 and
across the second set of blades 76. Additionally, while the
shield 72 has been 1llustrated with an optional back wall 82,
embodiments of the disclosure envision a shield without a
back wall 82.

Non-limiting example embodiments of the RAT system
12, RAT 14, and second set of blades 76 are envisioned
wherein, for instance, the second set of blades 76 are
rotationally coupled with the rotor shaft 34 such that the
second set of blades 76 rotate with the rotor shatt 34. In this
sense, the rotating exposure of the second set of blades 76
in the airstream 78 can provide heat transier from the blades
76 to the airstream 78. Alternatively, the rotor shaft 34 can
include a first gearbox with an mput coupled with the shaft
34 and an output coupled with the second set of blades 76,
and configured to allow for thermal conduction from the
input to the output. In this alternative configuration, the
gearbox can operably rotate the second set of blades 76 at a
taster or slower rotational speed than the rotor shait 34. In
yet another configuration, the second set of blades 76 can be
configured such that the second set of blades 76 are non-
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6

rotationally coupled with the rotor shait 34, and are station-
ary (that 1s, non-rotating) relative to the shaft 34.
Additionally, while not 1llustrated, the RAT 14 or housing
20 can further include a second gearbox having a set of
speed-altering gears configured 1n-line between the propel-
ler 28 or turbine output shait 30 and the rotor shait 34. The
second gearbox can be configured to drive the rotor shait 34
or rotor 56 at a faster or slower rotational speed than the
propeller 28, such that the generator 22 generates a prede-
termined amount or form of power for the aircraft 10. In one
non-limiting example, the second gearbox can include a
speed-increasing gear train to generate at least 10 kiloVolt-
Amps (kVA) at 20,000 rpm 1n response to a predetermined
rotational speed of the turbine output shait of 6,000 rpm.
Additional embodiments of the generator 22 can further
be of pancake type construction, wherein both the stator 335
and rotor 36 are larger 1n diameter and smaller 1n axial length

compared to a typical RAT system. The pancake type

construction 1s known to generate equal amounts of power
as a typical RAT system at slower propeller 28 and rotor 56
rotational speeds without the need for a speed-increasing
gearbox. By way of non-limiting example, a pancake type
generator 22 can be configured to generate at least 30 kW at
6,000 rpm.

FIG. 3 1illustrates an alternative RAT system 112 accord-
ing to a second embodiment of the invention. The second
embodiment 1s similar to the first embodiment; therefore,
like parts will be 1dentified with like numerals increased by
100, with 1t being understood that the description of the like
parts of the first embodiment applies to the second embodi-
ment, unless otherwise noted. A diflerence between the first
embodiment and the second embodiment 1s that the rotor
shaft 134 further includes a heat pipe 190 that extends along
the length of the shait 134 and thermally couples at least a
portion of the rotor 56 or rotor shait 134 with the second set
of blades 76. Embodiments of the heat pipe 190 can be
machined or manufactured from a same or dissimilar ther-
mally conductive material as the rotor shaft 134, or alter-
natively, can be machined or manufactured such that the heat
pipe 190 1s integrated with the rotor shait 134. The heat pipe
190 can be further removably or permanently atlixed within
the rotor shaft 134 by any mechanical mounting, friction
mounting, adhesive mounting, or the like.

The heat pipe 190 can be configured in an elongated
shape, such as, but not limited to, a cylinder, and include
includes a first closed end 192 proximate to the propeller 28
and an opposing second closed end 194 being distal from the
propeller 28, for example, extending past at least a subset of
the second set of blades 76. The heat pipe 190 can have an
interior 196 defining a fluid reservoir containing a phase
change fluid or material (not shown), which can change from
a first phase to a second phase. For example, the phase
change fluid can change phases from a liquid to a gas.

The phase change fluid can be selected or configured to
provide for a particular heat of vaporization, or enthalpy of
vaporization, which 1s the combined internal energy and
enthalpy change required to transform a given quality of a
fluid from a liquid into a gas, at a given pressure. In this
sense, the heat of vaporization of the phase change fluid
defines the amount of heat absorbed by the fluid, by way of
heat transfer from the rotor 56, via the rotor shaft 134, to
change the phase of the flmd from a liquid to a gas, and
conversely, how much heat 1s released from the fluid when
the gas condenses back to a liquid at the second end 192, 1nto
the second set of blades 76. Furthermore, embodiments of
the mvention can include a sealed heat pipe 190 configura-
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tion such that the pressure within the heat pipe iterior 196
can be modified to provide a selected heat of vaporization.

The particular phase change fluid or pressure within the
interior 196 can be selected based on the expected tempera-
tures to be encountered during the operation of RAT system
112 or RAT 114 to ensure the phase change will occur. For
example, a non-limiting example of pressure within the
reservolr can include a pressure below one standard atmo-
sphere (1 atm). Non-limiting examples of phase change
fluids that can be utilized include water, ammonia, methanol,
acetone, Freon, or any combination thereof. Phase change
fluids can further be selected based on their compatibilities
or icompatibilities with the heat pipe 190 materials or
construction.

Embodiments of the disclosure can include a heat pipe
190, or a set of heat pipes, configured with a relatively small
cross-sectional area or diameter. Circulation of the working
fluid mside the heat pipe relies on a centrifugal force that 1s
generated by the rotation of the rotor shaft 134 and heat pipe
190, wherein centrifugal forces distribute condensate as a
liquid stream or a liquid film. The depth of the liquid stream
or the thickness of the liquid film decreases along each
cylindrical wall section 1n the liguad flow direction. Distri-
bution of the condensate can be aided by additional or
alternative means, including but not limited to utilizing
capillary action of patterned sidewalls. While the heat pipe
190 1s described as having a cylinder shape, embodiments of
the disclosure can include any number of cross-sectional
heat pipe 190 shapes, such as a circle, a square, a triangle,
an cllipse, etc.

The heat pipe 190 operates such that, 1n one exemplary
scenar1o, heat generated by the rotor 56 1s conductively
transierred to the heat pipe 190, by way of the thermally
conductive rotor shait 34. The heat conducted to the heat
pipe 190 can then be conductively transierred to, or
absorbed 1nto, the phase change tluid, which, 1n response to
the heat transferred or absorbed, changes phases from a
liguid to a gas. The phase change fluid gas, can traverse
along at least a portion of the heat pipe 190 away from the
rotor 56 and condense (1.e. change phase back to a liquid)
along the inner patterned sidewalls of the heat pipe 190 at or
near the second end 194, releasing the stored portion of the
heat ito the sidewall of the heat pipe 190, which can be
conductively transferred by way of the rotor shait 134 to the
second set of blades 76. The heat can then, for example, be
released to the airstream 78, as explained herein. The phase
change fluid, again 1in liquid form, in turn, disperses back
toward the rotor 56, along the sidewalls of the heat pipe
interior 196, by, for example, the centrifugal force exerting
on the returning liquid stream (or liquid film) the thickness
of that decreases along the cylindrical sidewalls 1n the liquid
flow direction, ready to absorb the additional heat.

Many other possible embodiments and configurations in
addition to that shown 1n the above figures are contemplated
by the present disclosure. For example, FIG. 4 1llustrates a
partial perspective view of the second cooling system 270
and shield 272 according to third embodiment of the RAT
system 212. The third embodiment 1s similar to the previous
embodiments and like parts will be identified with like
numerals increased by 200, with 1t being understood that the
description of the like parts of the prior embodiments applies
to the third embodiment, unless otherwise noted. The third
embodiment 1s different from the previous embodiments 1n
that the shield 272 of the third embodiment has a diflerent
configuration of the set of ports 280 or slots radially
arranged about the second set of blades 76. Furthermore,
FIG. 5 illustrates a partial perspective view of the second
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cooling system 370 and shield 372 according to fourth
embodiment of the RAT system 312. The fourth embodi-
ment 1s stmilar to the previous embodiments and like parts
will be 1dentified with like numerals increased by 300, with
1t being understood that the description of the like parts of
the prior embodiment applies to the fourth embodiment,

unless otherwise noted. The fourth embodiment 1s different
from the previous embodiments 1n that the shueld 372 of the
fourth embodiment has a diflerent configuration of the set of
ports 380 or slots radially arranged about the second set of
blades 76. As described herein, the set of ports 280, 380
illustrated 1n the third and fourth embodiments can be
configured to allow the second set of blades 76 to be exposed
to airstream 78 during flight of the aircraft 10.

Additional possible embodiments and configurations 1n
addition to that shown 1n the above figures are contemplated
by the present disclosure. For example, one embodiment of
the disclosure contemplates configuring the RAT system 12,
RAT 14, housing 20, or propeller 28 to direct the airstream
78 about the RAT system 12 1n a particular pattern for
exposure of the second set of blades 76. For instance, 1n one
non-limiting example, the housing 20 or heat-dissipating
fins 50 can be configured to direct the airstream 78 about the
RAT system 12 into a cyclonic or vortex pattern, such that
the airstream 78 swirls about the RAT system 12 and second
set of blades 76, which can further increase the heat transter
coellicient of the second set of blades 76, compared to a RAT
system not configured to direct the airstream. In this
example configuration, the second set of blades 76 exposed
to the vortex airstream pattern can be configured such that
the length that the blades 76 or rotor shait 34 extending
rearwardly from the RAT system 12, can reduce the amount
of vibrations felt by, or caused on the rotor shait 34.

Another possible embodiment can include a RAT system
12 with inside-out construction, that 1s, wherein the rotor 56
1s external to the stator 55 and rotates about the stator 35. In
this embodiment, the external rotor 56 can be located within
the housing 20, and be thermally and rotatably coupled with
the second set of blades 76, by way of the thermally
conductive shaft 34. The stator 55 can also be supported by
a second shaft that 1s non-rotating. Alternatively, another
possible embodiment can include a RAT system 12 with
inside-out construction, wherein the stator 55 1s thermally
coupled with the second set of blades 76 whereby the
exposure of the second set of blades 76 in the airstream 78
provides heat transfer from the stator 55 to the airstream 78.
The second set of blades 76 can be free to rotate in response
to exposure to the airstream 78, or that can be designed for
heat transter for stationary (i.e. non-rotating) exposure to the
airstream 78. Yet another possible embodiment can include
a RAT system 12 wherein both the rotor 56 and stator 55 are
thermally coupled with the second set of blades 76, such that
the second set of blades 76 provides heat transfer from the
stator 55 and rotor 56 to the airstream 78.

Additional configurations or directing patterns of the
airstream are envisioned. Additionally, the design and place-
ment of the various components can be rearranged such that
a number of different in-line configurations could be real-
1zed.

The embodiments disclosed herein provide a RAT system
with a second, downstream, cooling system for heat gener-
ated by the rotor. One advantage that can be realized 1n the
above embodiments 1s that the above described embodi-
ments have superior cooling capabilities for heat generated
by the rotor during generator operation over the conven-
tional type RAT systems. Moreover, 1n particular generator
or RAT configurations that prefer or require sealing for
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debris-proof construction (e.g. ash-prool construction), tra-
ditional rotor-cooling methods are insuiliciently imple-
mented or cannot be implemented at all (such as for liquid
cooling). The buildup of heat 1n conventional systems would
likely result 1n reduced generator performance, generator
tailure, or sealing or insulating material failure.

With the proposed rearward rotor cooling solution, heat
generated at the rotor can be transferred along the length of
the rotor shait and dissipated into the airstream by the
second set of blades, which can be configured, as explained
above, to cool the rotor and rotor shaft. Embodiments of the
disclosure that include a heat pipe can further increase the
transmission of the heat along the length of the rotor.
Additionally, the configuration of the RAT system can direct
the airstream 1n a predetermined pattern, such as in a
crisscrossing, cyclonic, or vortex patterns, to expose the
second set of blades and create a higher heat transfer
coellicient of the second cooling system.

When designing aircraft components, important factors to
address are size, weight, and reliability. The above described
RAT systems can be configured to include a smaller gen-
erator operating a higher power density or efliciency, and at
a lower operating temperature compared to a conventional
sealed RAT system. This results in a lower weight, smaller
s1zed, 1ncreased performance, and increased reliability sys-
tem. The lower number of parts and reduced maintenance
will lead to a lower product costs and lower operating costs.
Reduced weight and size correlate to competitive advan-
tages during flight.

This written description uses examples to disclose the
invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing
any 1ncorporated methods. The patentable scope of the
invention 1s defined by the claims, and can include other
examples that occur to those skilled 1n the art. Such other
examples are intended to be within the scope of the claims
if they have structural elements that do not differ from the
literal language of the claims, or 1f they include equivalent
structural elements with nsubstantial differences from the
literal languages of the claims.

What 1s claimed 1s:

1. A ram air turbine system comprising;:

a thermally conductive rotatable shatt;

a housing having a body defining an interior;

a generator located within the interior and having a stator
and a rotor, wherein the rotor 1s operably and thermally
coupled with the rotatable shaft;

a turbine having a first set of blades operably coupled with
the rotatable shaft and configured such that an airstream
passing through the first set of blades rotates the
rotatable shaftt;

a cooling system coupled to the housing and having a
shield element with a set of ports and having a back
wall with at least a portion of the rotatable shaft
extending into the shield element; and

a second set of blades mounted on the rotatable shait and
enclosed within the shield element and the back wall,
and arranged radially interior of the set of ports relative
to the rotatable shaft, and rotatable coaxially with and
in fluild communication with the first set of blades,
arranged downstream from, and external to the hous-
ing, wherein the second set of blades are thermally
coupled with the shait and configured such that air-
stream passing through the first set of blades passes to
the second set of blades provide for heat transter to the
airstream.
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2. The ram air turbine system of claam 1 wherein the
thermally conductive rotatable shait further includes a heat
pipe.

3. The ram air turbine system of claam 1 wherein the
housing 1s sealed to prevent external debris from entering
the interior.

4. The ram air turbine system of claim 3 wherein the
housing 1s sealed to prevent volcanic ash from entering the
interior.

5. The ram air turbine system of claim 1 wherein the
second set of blades rotate with the rotatable shaft.

6. The ram air turbine system of claim 5 wherein the
second set of blades are supported by the rotatable shaft, and
wherein a portion of the rotatable shait 1s external to the
housing.

7. The ram air turbine system of claam 1 wherein the
second set of blades are skewed relative to the airstream
passing through the second set of blades such that the heat
transier coethicient of the second set of blades 1s higher than
an unskewed set of blades.

8. The ram air turbine system of claim 1 wherein the
housing body 1s configured to direct an airstream through the
second set of blades.

9. The ram air turbine system of claim 8 wherein the
housing body 1s further configured to generate an airstream
vortex through the second set of blades.

10. A heat exchanger for a ram air turbine generator,
comprising:

a stator having a set of windings;

a rotor having a set of permanent magnets and configured
to rotate relative to the stator to generate a current 1n the
set of windings;

a first set of blades operably coupled with the rotor;

a cooling system coupled to the rotor and having a shield
clement with a set of ports and having a back wall with
a rotatable shaft coupled to the rotor extending into the
shield element; and

a second set of blades rotatably mounted on the rotor and
provided within the shield element, rotatable coaxially
with and 1 fluild communication with the first set of
blades, thermally coupled with at least one of the stator
or the rotor by way of a thermally conductive shaft, and
configured such that the second set of blades are
exposed to an airstream passing the ram air turbine
generator;

wherein the heat exchanger conducts heat from the at least
one ol the stator or the rotor, through the thermally
conductive shaft, to the second set of blades, and
whereby exposure of the second set of blades 1n the
atrstream provides heat transier to the airstream.

11. The heat exchanger of claim 10 wherein the rotor

rotates external to the stator.

12. The heat exchanger of claim 11 where the second set
of blades are rotationally coupled with the rotor by way of
the thermally conductive shait, and whereby the rotating
exposure of the second set of blades 1n the airstream
provides heat transier from the rotor to the airstream.

13. The heat exchanger of claim 11 wherein the second set
of blades are thermally coupled with the stator by way of the
thermally conductive shaft and whereby the exposure of the
second set of blades 1n the airstream provides heat transfer
from the stator to the airstream.

14. The heat exchanger of claim 13 wherein the second set
of blades are configured to rotate 1n the airstream.

15. The heat exchanger of claim 10 further including a
housing having a body defining an interior, wherein the
stator and a portion of the rotor are located within the
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interior, and wherein the housing 1s sealed to prevent exter-
nal debris from entering the interior.

16. An aircraft comprising;:

a ram air turbine generator including:

a thermally conductive rotatable shatt;

a housing having a body defining an interior;

a generator located within the interior and having a
stator and a rotor, wherein the rotor 1s operably and

thermally coupled with the rotatable shatft;

a turbine having a first set of blades operably coupled
with the rotatable shait and configured such that an
airstream passing through the first set of blades
rotates the rotatable shaft;

a cooling system coupled to the housing and having a
shield element with a set of ports and having a back
wall with at least a portion of the rotatable shaft
extending into the shield element; and

a second set of blades mounted to the rotatable shatft
and provided within the shield element, rotatable
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coaxially with and 1 flmud communication with the
first set of blades, arranged downstream from, and
external to the housing, wherein the second set of
blades are thermally coupled with the shatt;
wherein airstream flowing about the ram air turbine
generator passing through the second set of blades
provide for heat transfer from the second set of blades
to the airstream.

17. The aircrait of claim 16 wherein the thermally con-
ductive rotatable shaft further includes a heat pipe.

18. The aircrait of claim 16 wherein the second set of
blades are skewed relative to airstream passing through the
second set of blades such that the heat transier coeflicient of
the second set of blades 1s higher than an unskewed set of
blades.

19. The aircraft of claim 16 wherein the housing body 1s
configured to direct awrstream through the second set of

blades.
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